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The results of the examination of ccrclmispinal fluids in acute 
anterior poliomyelitis summarized in this report arc compiled from 
the routine examinations and special studies} of cerebrospinal 
fluids from patients admitted to the Philadelphia Hospital for 
Contagious I liseaseslf during the epidemic of the summer of 1010, 
in an effort to contribute to our knowledge of the changes occur¬ 
ring in the'spinal fluid in this disease and the value of its examina¬ 
tion as a practical means of diagnosis. 

Careful histological studies of the spinal meninges and cords of 
early experimental and human poliomyelitis infections have shown 
that the primary reaction of the nervous system is the production 
of an acute meningitis characterized by hyperemia, edema, and peri¬ 
vascular round-cell infiltration in the pin mater, with subsctpient 
extension into the substance of the cord and involvement of the 
anterior horn cells. The spinal fluid may be altered by the passage 
into it of cells from the perivascular and interstitial exudate in the 
meninges and of serum constituents derived from the hypereinic 
blood vessels. 

The investigations of Gay and Lucas, 1 and Lucas,* confined prin¬ 
cipally to a study of the cells in the spinal fluids of monkeys experi¬ 
mentally infected and of 11 cases in the preparalytic stage, have 
shown that the total cell count of the fluid is increased consider¬ 
ably above the normal, the majority of the cells being of the mono- 

* Keeeivid for publication March 23, 1017. 

t Part <>f i!w paper read in the symposium ujhjii acute anterior poliomyelitis licfore 
the Philadelphia County Medical Society. November 6, 1910. 

X ITidertaken with the co&|ierntion of Dr. Charles K. Mills and Dr. Allen J. Smith 
as part- of a series of investigations in acute anterior j«>liomyelitis. 

^ These patients were under the cure of Dr. S. S. Woody, chief resident physician, 
and Dr. Theodore Le Bnutillier, Dr. Theodore Weisenlierg. Dr. William Drayton 
and Dr. Maurice Ostheimer of the visiting staff of the hospital. 




KOLMER, FREESE, MATSUXAMI, MEIXE: POLIOMYELITIS 721 

nuclear variety. Flexncr and Lewis’ in a study of the spinal fluid 
from a monkey after inoculation with the virus found a consider¬ 
able increase in the number of cells twenty-four hours after inocu- 
J«ition, and particularly a small cell slightly larger than a lymphocvte 
showing a polyform nucleus. Sophian 1 reported an increase of 
globulin m the spinal fluid of cases in the early stages. In a thor¬ 
ough study of 233 fluids from 09 cases, Peabodv, Draper and 
Docliez 6 found an increased cell count, with a low or normal globu¬ 
lin content, in fluids taken dining the earlv davs of the disease 
and before the onset of paralysis; at this time the polymorpho¬ 
nuclear cells amounted to 90 per cent, of the total, although most 
fluids showed almost exclusively lymphocytes and large mono- 
nuclear cells. According to these investigators analogous changes 
may be found in the spinal fluid of abortive cases; all fluids examined 
reduced I-ehling’s solution. They conclude that “the examination 
of the cerebrospinal fluid in acute poliomyelitis, while giving, as 
far as is yet known, no specific diagnostic criteria, is of the utmost 
\ aluc as an aid to diagnosis both in preparalytic and in abortive 
eases.” More recent reports of similnr findings have been made 
by Neal and Du Ilois 6 and Abramson. 7 

During the recent epidemic of poliomyelitis in Philadelphia we 
have examined SC8 specimens of cerebrospinal fluid from cases of 
epidemic poliomyelitis admitted to the Philadelphia Hospital for 
Contagious Diseases and in private practice. In a smaller number 
of these the histories and clinical studies were sufficiently accurate 
for purposes of analysis and correlation with the resuitsof Iabora- 
atory examinations, and the major portion of tin’s laboratory report 
is based upon these. 

1. Physical Properties of the Si-inai. Fluid in Acute 
Anterior Poliomyelitis. The majority of the spinal fluids exam¬ 
ined by us were water-clear or showed but a faint opalescence 
when viewed against a black background. Of 310 fluids from cases 
early in the stage of paralysis, but 5, or from 1 to 2 per cent, of 
blood-free fluids, were distinctly turbid. Of the fluids of 0 cases 
which we hail the opportunity of examining in the preparalytic 
stage 2 showed a faint opalescence and I were clear. The 5 dis¬ 
tinctly turbid fluids were from cases on the fourth, fourth, fifth, 
sixth, and sixth days after the onset of paralysis, and showed total 
cell counts of more than 200 cells per cubic millimeter, many of 
which were polymorphonuclcars. 

A small fibrin coagulum was noticed in about 10 per cent, of the 
spinal fluids a few hours after they had been collected and standing 
in test-tubes. We have not observed xanthochromia or excessive 
fibrin formation in any specimen. 

Many specimens contained small amounts of blood, and while 
the presence of blood may have been tine in certain eases to extrav¬ 
asation from the hyperemia vessels of the pia, we are of the opinion 
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that in tile majority of these fluids, blood gained access by reason 
of tlie puncture of vessel with the needle, as only the first flow of 
fluid contained blood. 

2. Cytology of the Spinal Fluid ix Acute Anterior Polio¬ 
myelitis.* The results of total cell counts with 787 fluids from 
cases of epidemic poliomyelitis in all stages of the disease are shown 
in Table I. 

TABLE I.—SUMMARY OK RESULTS OK TOTAL CELL COUNTS OF SPINAL 
FLUIDS IN ACUTE ANTERIOR POLIOMYELITIS. 

Cells per cubic millimeter of fluid. 

0 to 12. 13 to 50. 51 to 100. 101 to 500. Over 500. 

178 328 150 95 30 

If tlie upper limit of die normal number of cells per cubic milli¬ 
meter of cerebrospinal fluid is placed at 12, of diese fluids (109, or 
77 per cent., showed an increase of cells. In die majority of these 
die increase of cells was moderate, as SO per cent, of those fluids 
containing an increased number of cells the counts were not above 
100 cells per cubic millimeter of fluid. 

The results of total cell counts in 31!) fluids from patients in 
various stages of epidemic poliomyelitis are classified in Table II 
according to die day after the onset of paralysis. This inediod of 
classification was necessary because many cases were not diag¬ 
nosed or sent to the hospital until paralysis was present, and 
histories of the preparalytic stage were inaccurate. The cell counts 
of five cases from private practice in the preparalytic stage arc 
included. 


TABLE II.—RESULTS OF TOTAL CELL COUNTS IN VARIOUS STAGES OF 
POLIOMYELITIS AFTER THE ONSET OF PARALYSIS (319 FLUIDS). 





Cells per cubic millimeter. 



Day of disease. 

exam. 

0-12. 

13-50. 

51-100. 

101-500. 

Over 

500. 

showing 

increase. 

Prcpnmlytic 

5 


3 

2 



100 

1 to 3 days 

125 

19 

52 

20 

2-1 

-1 

8-1 

•1 to 7 “ ... 

99 

17 

51 

19 

9 

3 

82 

S to 1! “ ... 

55 

9 

32 

8 

G 


83 

15 to 21 “ ... 

21 

$ 

11 

1 

1 


G2 

22 to 2S “ ... 

10 

7 

2 

I 



28 

29 to 35 “ ... 

•I 

3 

' 




25 


* In making total fell counts the ordinary leukocyte mixing pipet and the Fuchs- 
Rnseiitlml chandler were employed. The diluting fluid which stained the cells and 
henmlyzcd any erythrocytes present was prepnred ns follows: glacial acetic acid, 
1 c.c.; distilled water, 99 c.e.; methyl violet, crystals, 0.1 gm. This fluid was 
filtered l»efore use. Counts- terre made a* soon an jnssiblc after spinal puncture and only 
of those fluids sharing no macroscopic evidence* of blood. The diluting fluid wns drawn 
into the pijiet to the mark 1. the spinal fluid to 11, and the rnntents mixed by 
shaking for one minute. After loading the chamber and allowing the cells to settle 
for five to ten minutes all cells in the ndcd-ofT space were counted and the numlter 
multiplied by 11 and divided by 32. which gave the total number of cells per ctibie 
millimeter of fluid. 
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As shown in Tuble II an increase of cells was noted in all of the 
cases examined in the preparalytie stage, and this increase of cells 
was found in about 95 per cent, of eases to persist for at least three 
weeks after tile onset of paralysis, when the total number of cells 
gradually approached normal numbers. 

The results of differential cell counts with S7 fluids from patients 
III various stages of the disease after the onset of paralvsis are 
shown in Table III. 


TAI1LE HI. RESULTS OK DIFFERENTIAL CELL COUNTS OF SPINAL 
FLUIDS IN ACUTE ANTERIOR POLIOMYELITIS AFTER TIIE ONSET 
OF PARALYSIS (S7 FLUIDS). 


Variety of cell. 

Small lymphocyte 
Large mononuclears 
Polymorphonudears 
Endothelial 


„ Between 

Under 25 to 50 

-*> per cent. per cent. 

Cases. Cases. 

. 3 3 

. 85 2 

• 77 7 

all under 10 per cent. 


Between 
50 to 75 
per cent. 
Cases. 
30 


1 


Between 
75 to 100 
per cent. 
Cases. 
42 


As shown in Table III the small lymphocyte variety of cell pre¬ 
dominated in tlie majority of fluids. In over 9li per cent, of these 
fluids this cell constituted 25 per cent, or more of the cells present. 

Cc Is of the type of large mononuclear leukocytes, while occa¬ 
sionally found, were seldom present in large numbers. 

Polymorphonuclear leukocytes predominated in less than 1 per 
cent, of the fluids examined (3 eases) and in over ,SS per cent, 
constituted less than 25 per cent, of the cells present. 

As previously stated the majority of these fluids were from 
patients in whom paralysis had occurred, whereas the predomi¬ 
nance of polymorphonuclear cells is more likely in the preparalvtic 
stage of the disease. 

3. Protein Content of tiie Spinal Fluid in Acute Anterior 
I 0LI0MYELITIS. ^ 1 he routine test for the globulin-albumin con¬ 
tent of these spinal fluids was the butyric acid test of Noguchi. 
Of 868 fluids from patients in various stages of the disease this 
technic yielded positive reactions with 32 per cent. (Tabic IV). A 
comparative study of several similar qualitative methods have 
shown wide variations in the delicacy of different methods as shown 
m Jable IV. 


TABLE IV. SUMMARY OF RESULTS OF PROTEIN' TESTS WITH 
DIFFERENT METHODS (*S0S FLUIDS). 


Method. pxaiii 

Nonne-Apelt ... 70 

Noguchi .... SOS 

Pandy .... 70 

Gordon .... 70 

Kaplan .... 79 


+ 

—Results.-. 

Percentage 

positive. 

11 

OS 

14 

280 

588 

32 

24 

55 

30 

30 

49 

37 

33 

46 

42 
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TJie oldest of these clinical laboratory methods for glolmliu- 
albuinm in spinal fluid (Nonne-Apelt)* proved the least delicate, 
and the method of Kaplan, tlie most delicate. Gordon s method'* 
proved quite simple and delicate, while our results with the Tandy 
test were closely parallel with those of Noguchi's test. The main 
objections to the latter test and that of Kaplan is the employment 
of the ill-smelling dilution of butyric acid. 

The results of globulin-albumin tests with spinal fluids from 
patients in various stages of poliomyelitis after the onset of paraly¬ 
sis and employing Noguchi’s method is shown in Table V. 


TABLE V.—RESULTS OF PROTEIN TESTS (NOGUCHI METHOD) IN 
VARIOUS STAGES OF ACUTE ANTERIOR POLIOMYELITIS 

(270 fluids). 


Day of disease. 
Frcparalytir . 
1 to .‘I days 
4 to 7 “ 

8 to 14 “ 

IS to 21 44 
22 to 28 41 
29 to 35 44 


Total -—*——Results.-. Percentage 


exam. 


G 

1 

113 

33 

72 

30 

43 

23 

IS 

10 

11 

3 


7 1 


— 

positive. 

5 

10 

SO 

29 

42 

41 

20 

53 

8 

55 

8 

27 

0 

14 


Of the fluids of G cases examined in the preparalytic stage but 
1 yielded a positive reaction; the ]>ercentage of positive reactions 
then became gradually higher to the third week after the onset of 
paralysis, when a rapid decrease in positive reactions became 


Mdhoti of Nonnc-Apclt. —This test was conducted by mixing in a small lest- 
tulx* 1 r.e. of spinal fluid and 1 c.c. of n saturated solution of ammonium sulphate 
in water; after standing three minutes this tube was compared with a second tube 
containing cerebrospinal fluid only and an increase of protein was indicated by 
opalescence, turbidity, and visible precipitation. 

Method of Noguchi. —This test was conducted by mixing in a small test-till* 0.2 
c.c. of spinal fluid and I c.c. of a 10 per cent, solution of butyric acid in physiological 
salt solution followed by heating to the boiling-point; 0.2 c.c. of normal sodium 
hydrate was added followed by heating to boiling for a few seconds. Positive reac¬ 
tions were read when marked opalescence or definite flocculc formation occurred 
after standing for an hour. Faint opalescence was regarded as negative. 

Method of Pandy. —This test was conducted by mixing in a small test-tulje 1 c.c. 
of a saturated aqueous solution of carbolic ocid and one drop spinal fluid. The 
immediate formation of a definite cloud was regarded as a positive reaction. 

Method of Gordon* —This test was conducted by plncing 1 c.c. of spinnl fluid in a 
small test-tube and adding 0.1 c.c. of 1 per cent, solution of bichloride of mercury 
in distilled water. The development of a cloud or precipitate after standing an hour 
was regarded as a positive reaction. 

Method of Kaplan. —Tliis test was conducted with 0.1, 0.2, 0.3 and 0.1 c.c. of spinal 
fluid, but the results expressed in Table IV are based upon the reactions observed with 
0.2 c.c. of fluid. This amount of fluid was placed in a smnll test-tube and 0.3 c.c. of 
distilled water added, followed by beating until the mixture boiled up twice. Three 
drops of a 5 per cent, solution of butyric acid in physiological salt solution was added 
and the mixture carefully undcrlaycd with 0.5 c.c. of a saturated aqueous solution 
of nmmonium sulphate. The reactions were read after standing twenty minutes 
and regarded as positive if a definite ring was apparent; opalescence only was regarded 
as negative. 
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apparent. As previously stated, however, and as shown in Chart 1, 
the cells are increased in the prcparalytic and early stages of the 
disease, the number dropping with the globulin content after the 
third week following the onset of paralysis. 

Accordingly we have found the total cell count alone of most 
value in aiding the diagnosis of acute anterior poliomyelitis; during 
the earliest stages of the disease the globulin-albumin tests may or 
may not be positive, and usually are not. In tuberculosis and 
meningococcic meningitis, on the other hand, the globulin-albumin 
tests are usually positive in the early stages, due to the greater 
degree of involvement of the meninges. 


Chart I. f urm ol total roll iitici protein inercase in eerehrospinal Hni'J ol 
|toIir>tnyp)iti.«. 


Pr.7 CENT. 

day ci- disease 

SMCftIMl INCREASE 

pncPARALvnc i l -^ - 11 •• . j v , ;i| T.V 
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N> 

\i 



m ‘ 

■VI J 


*" j 

:Pi 

— - - v \v 

20 

/i ; ■ \\ 

proton curve-- _ t„t„l cell curve. 


4. Lange's Colloidal Gold IIfaction' i\ Acute Anterior 
Poliomyelitis. While the exact mechanism of the precipitation 
of colloidal gold and the nature of the substance in cerebrospinal 
fluid responsible for the phenomenon are unknown it is supposed 
by many investigators that the precipitating substance is of a 
protein nature. We have examined the fluids of 38 eases drawn 
from two to sixteen days after the onset of paralysis with colloidal 
gold prepared after the method of Miller and lii’s associates, 9 and 
fulfilling all the requirements of a satisfactory preparation of col¬ 
loidal gold as emphasized in their paper, to determine if changes 
occur in poliomyelitis and whether or not these are sufficiently 
constant to render the test of diagnostic value. The results of 
these examinations are shown in Chart 2. 

The fluids of IS cases examined at intervals of two to twelve days 
after the onset of paralysis showed no color changes at all. 

The fluids of 4 cases in the same stages of the disease showed 
but very slight precipitation in the first two tubes of the series as 
a 1,100,000,000 reaction. AH of these fluids showed an increase of 
cells and one of them ail increase of globulin (Noguchi method). 
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Tlie fluids of 10 cases examined two to twelve days after tile onset 
of paralysis yielded reactions of the “luetic zone” type with maxi¬ 
mum precipitation in the 1 : -10 to 1 : 100 dilutions of fluid with 
decolorization usually terminating with “ blue." 

The fluids of 0 cases examined twelve to nineteen days after the 
onset of paralysis yielded reactions of the “meningitic zone” tvpe 
characterized by maximum precipitation in dilutions of 1 : SO to 
1:320 or 1:010. All fluids yielded negative Wassermann reactions. 

( it akt 2. Summary of results of Lange's colloidal gold reaction with the cerebro¬ 
spinal fluids of 38 cases of acute anterior poliomyelitis. 
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- - observed with the spinal fluids of 18 cases examined 2 to 12 days 

after the onset of paralysis. 

. = observed with the spinal fluids of 4 cases examined 2 to 12 days 

after the onset of paralysis. 

—•—“ observed with the spinal fluids of 10 cnscs examined 2 to 12 days 
after the onset of paralysis (“luetic zone” curve). 

-“ observed with the spinal fluids of 0 cases examined 12 to 10 days 

after the onset of paralysis (“meningitic zone” curve). 

According to these results, while JO to 50 per cent, of spinal 
fluids from cases of epidemic poliomyelitis ranging from the second 
to the nineteenth day after the onset of paralysis tend to react 
in a rather constant manner, yielding reactions of the “luetic and 
meningitic zone" types, similar reactions occur in other forms of 
meningitis, and we regard the colloidal gold reaction of but help¬ 
ful diagnostic value; a ]>ecu!inr or definite curve of precipitation 
with the spinal fluid of epidemic poliomyelitis did not occur in our 
experience. 

5. Mayeriiofkb Potassium Permanganate Reduction Reac¬ 
tion in Acute Anterior Poliomyelitis. Mayerhofer 10 has pro¬ 
posed the reduction of a decinormal solution of potassium per¬ 
manganate by 1 c.c. of spinal fluid in an acid medium as an index 
of the amount of protein substances present and as a method of 
value in the diagnosis of tuberculous meningitis on the basis that 
while 1 c.c. of normal spinal fluid usually reduced 2 to 2.3 c.c. of yy 
potassium permanganate solution, the fluid of tuberculous menin¬ 
gitis may reduce 3 c.c. or more. Hoffman and Schwartz 1 ' deter¬ 
mined the index on spinal fluids of 3 cases of acute poliomyelitis 
with readings varying from 2.5 to 3.3 in the acute stage and show¬ 
ing a decline coincident with the disappearance of acute symptoms. 
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The teelmic of the test ns employed by us is given below.* 

We have employed this test in the study of 7S spinal fluids from 
cases of epidemic poliomyelitis at different stages of the disease 
ranging from the second to the twenty-first days after the onset 
of paralysis, with the following reduction indices: 

0.7 to 1.1 with the fluids of 6 cases. 

1.2 to l.G with the fluids of 17 cases. 

1.7 to 2.0 with tlie fluids of 23 cases. 

2.4 to 3.0 with the fluids of 31 eases. 

G.l with the fluid of 1 case. 

According to Maycrhofer the reduction index may be regarded 
as increased if over 2.3; the fluids of 32 cases yielded indices over 
2.4, indicating that 41 per cent, of the spinal fluids from cases of 
acute epidemic poliomyelitis in the first three weeks of the infec¬ 
tion contain an increased protein content. The determination of 
the reduction index may be of some practical value in aiding the 
diagnosis of acute poliomyelitis, as indices of over 2.3 indicate the 
presence of increased protein due to meningitis. 

6. Reduction of Feulixg’s Solution by Spinal Fluid in 
Acute Anterior Poliomyelitis. A qualitative Folding's testf 
for tlie presence of dextrose was conducted with 779 spinal fluids 
from cases of epidemic poliomyelitis in various stages of the dis¬ 
ease. livery fluid reduced a portion of the copper solution, but in 
varying amounts; with 8G fluids the amount of fluid required to 
effect partial reduction was so large us to indicate that the amount 
of dextrose was diminished below the normal, but our results in 
general are in accord with those of previous investigators, indicat¬ 
ing tliat insofar as tlie qualitative test is concerned there is no 
constant alteration in the amount of dextrose ill the spinal fluid 
of epidemic poliomyelitis. 

7. Tiie Weil-Kafka Hemolysin Reaction in Acute Anterior 
Poliomyelitis. Normally the blood of over 90 per cent, of per¬ 
sons contains natural antisheep hemolysin, but the cerebrospinal 
fluid is free of this substance. In meningitis, according to Weil- 

* Technic of the Maycrhofer Reduction Test .—Place in a beaker 50 c.c. distilled 
water, 10 c.c. of diluted sulphuric acid (1 part conceutnitcd sulphuric acid arid 3 
parts distilled water) and 10 c.c. of a dccinormal solution of potassium permanganate; 
boil slowly for ten minutes and determine the amount of dccinormal oxalic acid 
solution required to reduce the potassium permanganate solution until water clear. 
In a second beaker (thoroughly cleansed) place 1 c.c. of spinal fluid, 50 c.c. distilled 
water and 10 c.c. of diluted sulphuric acid. Bring to boiling-point, add 10 c.c. deci- 
normal potassium permangannte solution and boil slowly for ten minutes. Turn off 
the burner and add slowly the amount of dccinormal oxalic acid determined in the 
previous titration. The contents of the beaker turn brown and gradually become 
water clear. With a burette add dccinormal potassium permanganate until the first 
appearance of a clear rose color. The nmount of ^ permanganate solution required 
represents the “reduction index” of the spinal fluid. 

t Technic. —0.5 c.c. each of Fehling's alkaline and copjier solutions wore diluted 
with 9 parts of water and 1 c.c. brought to boiling-point in a small test-tul>e; 1 c.c. 
of spinal fluid was added followed by brief boiling and the occurrence ami degree of 
reduction noted after standing several minutes. 
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Kafka, 1 - tile hyperemia and increased pcnneabilitv of tlie vessels 
and exudative processes results in the passage of this hemolysin 
into tlie cerebrospinal fluid. Likewise, hemolytic complement is 
not found in appreciable amounts in normal cerebrospinal fluid 
whereas m acute meningitis this substance mav be found Tests 
of the spinal fluid for natural antisheep hemolysin alul complement 
nave been advocated in the diagnosis of meningitis, and particularly 
m those types caused by Treponema pallidum. 

\Vc have employed this test, with certain modifications,* in the 
study of a number of spinal fluids from normal persons, and cases of 
anterior poliomyelitis in various stages of the disease for the hemo¬ 
lysin alone and for the hemolysin and hemolytic complement, 
liie results of these tests are summarized in Table VI. 

TABLE VI— SUMMARY OF RESULTS WITH TIIE WEIL-KAFKA IIKMO- 
LYSIX REACTION' IX EPIDEMIC POLIOMYELITIS. 


Kor autisliecp liemolysin alone 
l'or the liemolysin ami complement 


Control fluids. I» cr ccnt . 

—— - positive in 

• | - Total i + _ poliomyelitis. 


Total. + 1 — . Total , 


65 

■13 


| -13 22 

13 j 30 


06 

30 


1 lie spinal fluids of (5;, cases examined for antisheep licmolvsiu 
alone showed the presence of this substance in Id, or (Hi per cent 
whereas the fluids of 11 control persons were negative. The major- 
*ty ”! ™ , < ‘ s cimtnmmg the hemolysin were from eases of polio¬ 

myelitis m the acute stages of tlie infection. 

in Ununh.hR f " r aa '' 0r “ li " i "“ lllc I'wscnce of con,pi,..am an,I iiulishecp hemolysin 

_,?? <lf frwh s P in: : 1 flu “l. hie from all Iran* of blood. were mixed 

logfad «dl »,lo,r„;:,. ,M -' r . . ° f Oremrod will, physio. 

■n&SZSZi STatSi" by 5 c - c - of •*■•**- it K»i«tion. 

The tola* were incubated at .17.5” C. for two hours aod centrifugated lor a few 
minutes and the reading of the occurrence and the degree of hemolysis immwliauly 

step'hcmoSm 3 “ N °' ‘ " re ul «•" «■!*>-« and ,m,N 

2. Technie for nseortniuingthe presence of natural antisheep hemolysin alone- 
1 -1,0 cubic centimeter of spinal lluid free from Wood and bacterial contamination 
and I e.c. o a 2.0 per cent sheep corpuscle solution were mixed in „ tmt-tuhe A 
control in which I he spinal Iliad was replaced by physiological saline solution wasalso 
iiichided. I he tubes were mediated at 37.5° C. for one I,our. They were the* 
centrifuged and the eiilire supernatant fluid carefully pipetted off. To the idiment 
of corpus, les 1 c.e. of hemolysin-free gumca-pig complement diluted 1 to "0 with 
physiological salt solution was added. Tile tubes were well shaken, reincubatod at 
dl.o C for one hour, centrifuged, and the rending of tlie occurrence and decree 
of hemolysis taken at once. The occurrence of hemolysis indicated the presence of 
natural antisheep hemolysin which seasitiicd the sheep cells followed by hemolysis 
after Iho addition of complement. The anturai antisheep hemolysin i„ 
complement was removed h, adding 0.2 c.e. of packed waslied sheep corb ies to 
o e.c. of dear undiluted complement sen,,,,. This mixture was kept „ a , 2 of 
ddmi" °" L ' ' !,,,d thc • '«>* complement sinm, used for dm 
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The spinal fluids of 43 cases examined for hemolytic complement 
and the hemolysin showed the presence of these substances in 13, 
or 30 per cent., of fluids from cases in the acute stage of poliie 
myelitis. 1 he fluids of 4 control cases were found free of both 
complement and the hemolysin. 

'lhe results indicate that in acute anterior poliomyelitis there is 
present an increased permeability of the vessels with the passage 
into the cerebrospinal fluid from the blood of both natural anti- 
sheep hemolysin and complement and particularly the former; a 
test for these substances may therefore prove of aidin the diagnosis 
of this infection. 

8 . Hauptmann's Saponin Reaction in Acute Anterior 
Poliomyelitis. Solutions of saponin arc capable of hemolyzing 
the crytlirocytcs of various animals. Hauptmann' 3 has found' that 
the cerebrospinal fluid from persons suffering with various dis¬ 
eases of the central nervous system may contain a substance which 
inhibits tins hemolysis, lhe inhibiting substance is supposed to 
be cholcsterin and the presence of amounts in the spinal fluid suffi¬ 
cient to inhibit saponin hemolysis is regarded as being due to the 
presence of degenerating lesions with the liberation of cholcsterin 
from the nervous tissues. 

We have tested the inhibiting properties of the spinal fluids* 


Tcchmc of Hauptmann', Saponin Reaction.—We have modified Hauptmann's 
anginal technic ami reminded our tesla as follows: Nine cubic centimeters of human 
blood wore obtained by venous puncture and raised with 1 r.r.ofa 10 per rein solu¬ 
tion of sodium curate in physiological salt solution. The blood was then centrifuged 
and the supernatant fluid withdrawn. The cells were washed three times in physio¬ 
logical salt solution mid a 7.5 per cent, susiiension in physiological salt solution"pre- 
The Slock solution of saiamiti was prepared by dissolving 0.5 gram of saponin 
a-r o r?\ 01 Pi" 1 '* 10 c - c - °f sterile distilled water. (Solution occurs readily at 

•n.a U ). A 1 to 10,1X10 solution in physiological salt solution was made for each 
titration from this slock solution. (The stock solution keeps well for one month 
inter this time the solvent property is greatly delayed.) The titration for dose of 
saponin was conducted ns follows: Into seven test-tubes were placed 0 J 0 da 0 5 
0.55, 0.0, 0.05. 0.7 t.c. of the saponin lest solution, 0.8 c.c. of physiological salt silu- 
umi, and U.j c.c. of the i.o per rent, blood suspension, mixed and incubated at 37 . 5 ° 

, , r . oue noxt dilution of saponin stronger than the one producin K com¬ 

plete hemolysis was chosen for the test. The test was then conducted as follows: 

Tube 1: 0.8 c.c. clear spinal fluid 4- determined amount of Xad 4- 0 5 o e 7 r . 
|x*r cent, cells. 

. J 0 * 10 2 : 0.2 c.c. clear spinal fluid 4 - determined amount of saponin 4 - () r ,. 
t.i> per cent, cells. 


_ Tube 3: 0.4 c.c. dear spinal fluid + determined amount of saitonin 4- 0 5 c v 
iJi |)cr rent, cells. ' ' 

„ J * 11 * 50 ‘“■ c - dear spinal fluid + determined amount of saponin 4 - 0.7 c c 

(..i i»er cent, cells. ' * 

_ Tube 5: 0.8 c.c. clear spinal fluid -f- determined amount of saponin 4 - 0 5 cr 
4.5 per cent, cells. 

lube 6 : 0.8 c.c. NaCl solution 4- determined nmount of saponiu 4 05 re 7 5 
|»er cent, cells. ’ 

All tubes were incubated for two hours 0137.5“ C. when the reading of the degree 
or hemolysis wns token, centrifugntion being resorted to if necessary. 

Tubes No. 1 nod 0, being controls, show complete hemolysis: the preseurc of sub¬ 
stances in the spinal fluid inhibiting hemolysis is indicated in the remaining tubes 
at the senes, the degree of inhibition increasing with the larger amounts of spinal 
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from 30 cases of acute anterior poliomyelitis during the acute stages 
of the disease and the fluids of 5 control persons, with negative 
results in all. Amounts of spinal fluid from the control and polio¬ 
myelitis cases ranging from 0.2 to 0.8 c.c. did not produce anv 
appreciable inhibition of hemolysis. 

Discussion. Die results of these routine examinations and 
special studies of the spinal fluids from cases of acute poliomyelitis 
in tile recent I liiladelphia epidemic have essentially confirmed the 
findings of Peabody, Draper, Dochez, and other investigators. 
The greatly desired diagnostic laboratory test for acute anterior 
poliomyelitis, and particularly in the ear ly stages and for those 
cases apt to escape clinical detection, has not yet been discovered. 
None of die physical, chemical, or cytological changes found in the 
spinal fluid are absolutely confined to acute poliomyelitis or char¬ 
acteristic of this disease; while specific antibodies in the serum have 
been demonstrated by neutralization of the virus in vitro as deter¬ 
mined by intracerebral injection into monkeys, this is not a prac¬ 
tical diagnostic method and attempts to demonstrate complement- 
fixing antibodies in the serum and spinal fluid have yielded mostly 
negative results in the experiments of Gay and Lucas 14 and Kolmer 
and breese. 15 Likewise, the inicroparasite of poliomyelitis discov¬ 
ered by Flexncr and Noguchi* 6 apparently cannot be cultivated 
from tlie cerebrospinal fluid and blood during life, but only from 
the nervous tissues after death by special methods and under 
exceptional difficulties, and bacteriological examinations therefor 
are not available for diagnostic purposes. Hie easily cultivated 
streptococci and diplococci found in the brain, cord, and spinal 
fluid of poliomyelitis, and recently given renewed prominence by 
the reports of Mathers, 17 Kosenow, Towne and Wheeler, 18 and 
Nuzum and Ilerzog 19 do not, in our opinion, possess any diagnostic 
value; the studies of Kolmer, Brown and Freese 50 with these bac¬ 
teria are in accord with those investigators who have disregarded 
these microorganisms as the etiological agent of the disease; we 
regard these cocci as bearing a relation to poliomyelitis similar to 
streptococci in scarlet fever. Cultures of the cerebrospinal fluid 
in acute poliomyelitis during life are sterile in many cases and the 
presence of an easily cultivated bacterium is always suggestive of 
contamination. . Streptococci are to be found in the tissues of the 
nervous system and internal organs but only exceptionally in the 
cerebrospinal fluid during life. 

The extent of the changes in the spinal fluid appear to be 
dependent upon the degree of hyperemia and cellular and serous 
exudation in the pia mater. As the meningitis produced by the 
inicroparasite of poliomyelitis is of an interstitial character rather 
than a surface infection the alterations of the cerebrospinal fluid 
from tlie normal in acute poliomyelitis are not usually as extreme 
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as found in sucli infections as those produced by the meningo¬ 
coccus and pneumococcus. For this reason the examination of 
cerebrospinal fluid must he thorough and employ delicate methods 
for the detection of abnormal changes. Similar changes in the spinal 
fluid may occur in tuberculous meningitis, and requires very care¬ 
ful and painstaking search for the tubercle bacillus in the differ¬ 
ential diagnosis between the sporadic and atypical case of acute 
poliomyelitis and tuberculous meningitis. Usually no difficulty is 
encountered in differentiating from such forms of meningitis as 
those produced by the meningococcus, pneumococcus, and influenza 
bacillus on the basis of the high total cell counts, presence of poly¬ 
morphonuclear leukocytes, large amounts of protein, and the spe¬ 
cific microorganism in the cerebrospinal fluid in these infections. 
The spinal fluid in “serous meningitis,’’ or acute meningeal conges¬ 
tion, may resemble the fluid in acute poliomyelitis insofar that the 
fluid in both conditions may be clear and under pressure; but the 
absence of protein increase and an increase of cells in the former 
usually serve in differentiating between the two conditions. 

In acute poliomyelitis a total increase of the cells mostly of the 
small lymphocyte variety, in a clear or occasionally opalescent 
spinal fluid under increased pressure, nppears to be the earliest and 
most constant change, while an increase of protein with slight or 
no alteration in the dextrose content are additional data of value, 
as are probably also the presence of natural antisheep hemolysin 
and a substance partially precipitating colloidal gold in dilutions 
of fluid ranging from 1 : 40 to 1 : 320. 

Summary. In the recent epidemic of poliomyelitis in Philadel¬ 
phia the examination of cerebrospinal fluids yielded the following 
results: 

1. Tile majority of the fluids were water clear or but faintly 
opalescent when viewed against a black background; but 1 or 2 
per cent, of blood-free fluids presented distinct turbidity. Xantho¬ 
chromia and excessive fibrin formation were not found; about 10 
per cent, of the fluids presented a small fibrin coagulum after stand¬ 
ing several hours. 

2. Seventy-seven per cent, of the fluids from all stages showed 
an increase of total cells; in SO per cent, of these the counts were 
not above 100 cells per cubic millimeter of fluid. An increase of 
the total cells was found in the preparalytic stage, and this increase 
was present in 95 per cent, of cases for at least three weeks after 
the onset of paralysis, after which the number of cells gradually 
decreased. 

3. In over 90 per cent, of fluids from cases after the onset of 
paralysis the small lymphocyte variety of cells predominated. 
Polymorphonuclear cells predominated hi less than 1 per cent, of 
fluids, and in over SS per cent, constituted less than 25 per cent, 
of the cells present. 
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1. An increase of protein was found in 32 to -12 per cent, of 
fluids, and different tests for protein yielded varying results. With 
., test the fluid of 1 of G cases in the preparalytic stage 

yielded a positive reaction; the percentage of positive reactions 
then became gradually higher to the third week after the onset 
of paraJvsis (55 per cent, positive), when a rapid decrease in protein 
became apparent. 

o. During the acute stages of poliomyelitis the fluids of 40 to 50 
per cent, of eases yielded a colloidal gold reaction of the luetic and 
meningitic zone types. All yielded negative Wnssennanu reac¬ 
tions. Hie balance of these fluids produced no precipitation at 
all, or hut slight changes in the 1 : 10 and 1 ; 20 dilutions. 

0. The potassium permanganate reduction test yielded positive 
reactions of indices over 2.3, with the spinal fluids of 41 per cent, of 
cases examined from the second to twenty-first days after the onset 
of paralysis; a high reduction index indicates an increase of protein 
m the fluid, and may aid, therefore, in the diagnosis of acute polio¬ 
myelitis. 

„ {• | . E '.' el y "’ns found to contain sufficient dextrose to reduce 
reining s solution in some degree; partial reduction of tile amount 
of dextrose was suspected with a number of fluids on the basis of 
a qualitative test. 

S. Increased permeability of the meninges was indicated bv the 
presence of natural antishcep hemolysin in the fluids of oil per 
cent, of cases in the acute stages and both the hemolysin and a 
hemolytic complement in 30 per cent, both of these substances 
were absent in the fluids of control persons. 

9. Substances inhibiting saponin hemolysis were not found in 
the fluids of cases two to twenty-one days after the onset of 
paralysis. 

10. A definite and absolute diagnostic criterion or laboratory test 
with the cerebrospinal fluid in acute anterior poliomyelitis has 
not been discovered. A clear or slightly opalescent fluid flowing 
under increased pressure, sterile as examined by smear and culture 
when collected aseptically, poor in fibrin, reducing Folding's solu¬ 
tion and containing an increased number of cells chieflv of the 
mononuclear variety, are the most constant findings. An increase 
of protein and a high potassium permanganate reduction index 
strengthen the diagnosis, while a colloidal gold reaction of the 
luetic and meningitic zone types and the presence of natural anti¬ 
sheep hemolysin are helpful diagnostic data. 
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Transfusions can now be performed with such ease and safety 
that their use lias become very popular in a great variety of clinical 
conditions. In fact, the treatment is probably resorted to in many 
cases in which it docs no good, and perhaps does barm to tile patient. 
It is therefore worth while to determine the conditions in which 



